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One of the fundamental problems encountered
in basic studies on glucose content of whole
skin (dermis and epidermis) is the selection
of a cutaneous site most advantageous for ob-
taining whole skin specimens for glucose
analysis. On the assumption that the glucose
was extracellular, the back was chosen in pre-
vious studies (1—7) because (1) the blood sup-
ply of the skin of the back has the least num-
ber of vessels per cubic centimeter, and there
is therefore less bleeding and contamination on
removal of the skin specimens, (2) the epi-
dermis in this site is very thin while the dermis
is very thick, and (3) the epithelial append-
ages are few per square centimeter of skin sur-
face and specimens are relatively free of hair
follicles and sebaceous glands.
The purpose of this study was to compare
the glucose content of the whole skin specimens
(dermis and epidermis) of four cutaneous sites,
and to verify the above considerations.
METHODS
Subjects were 15 men, ages 23 to 35 years, who
had no systemic or cutaneous disease, and no fam-
ily history of diabetes. Intravenous glucose toler-
ance tests (IV GTT) at time of testing were within
normal limits for all subjects (5). Carbohydrate in-
take in their regular diet was at least 250 grams per
day and subjects were in a fasting state (14 hours)
the morning of the test. Three cutaneous biopsy
specimens (3 mm diameter—3 to 4 mm deep) were
removed from each subject from each of the fol-
lowing sites:
(1) the mid-back, bordered by the base of the
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neck, second lumbar vertebra, and lateral
edges of the latissimus dorsi muscles,
(2) the right arm overlying the biceps muscle,(3) over the right upper quadrant of the abdo-
men, and
(4) the superior portion of the anterior surface
of the left thigh.
The method of obtaining skin samples without
anesthesia and the technics of glucose oxidase
analyses (5, 6, 8) were similar to those previously
used to determine skin glucose (1—4). All skin sam-
ples were taken in the same order: the back first,
then the arm, abdomen and thigh. Time lapse from
the first skin specimen from the back to the last
from the thigh was not more than 20 minutes. The
IV GTT was done after the skin specimens were
removed (5, 6).
Duplicate glucose analyses were done on each
skin specimen, resulting in a total of three skin
glucose values for each of the above-named body
sites for each subject. A total of 45 skin glucose
values for each of the four body sites was thus ob-
tained from the 15 subjects. These 45 values from
each site were used to estimate the skin glucose
content of the back, arm, abdomen or thigh.
In a previous study (4) concerned with the con-
stancy of the skin glucose of the back, 7 of the 15
subjects who were reported in that investigation
had their skin samples of the four sites taken at the
same time for this comparison study. Eight addi-
tional subjects, not included in the previous study,
were also used.
RESULTS
Table I shows the averages of the three
duplicate skin glucose values from the back,
right arm, abdomen, and left thigh of each
person tested.
Table II shows the group average skin glu-
cose content for each cutaneous site.
DISCUSSION
The glucose content of human skin from
various cutaneous sites had not previously
been determined. Matsumoto (9) determined
the glucose content of animal skin and
found that of the back lower than that of the
abdominal region; statistical analysis of varia-
bles was not done.
410
CUTANEOUS CARBOHYDRATE STUDIES. III. 411
TABLE I
Glucose content of skin of back, arm,
abdomen, and thigh
TABLE II
Average glucose content of skin from various
topographic sites
Site Average skin glucose mg/iOOgins S.E.
Back
Arm
Abdomen
Thigh
48 .67*
52 .67
51 .67
49 .67
* The standard errors are identical because the
pooled variance, not individual variances were
calculated. The justification for this may be found
in reference 10.
The standard error of the difference of any
two entries of table II is/2 (.67) = .95. The
average standard deviation between the "true"
values for cutaneous specimens at a given site
of a given person is 3.7 mg% and the average
standard deviation of the enzymatic determi-
nation of glucose is 3.5 mg%. It follows that
the standard deviation of a single cutaneous
sample analyzed only once has a standard de-
viation of /(3.7)2 + (3.5)2 = 5.1 mg%; there-
fore, a single observation has a great deal of
variability with respect to the actual glucose
differences in cutaneous sites.
If an analysis of variance was done on these
data, it would indicate that subjects and sites
are "significantly different" in the sense of yield-
ing small P-values. However, it is well known
that small real differences often yield small P—
values in large studies (10). The differences
between cutaneous sites in our data thus do not
seem very large for the stated purpose of this
study.
It is concluded that the anatomical reasons
for choosing the back as the site for obtaining
cutaneous specimens constitute the most im-
portant factors for this choice.
SUMMARY
The glucose content of human whole skin
differs slightly for four topographic sites. The
back site, even though it has a slightly lower
glucose content, is the site of choice because
the major portion of the specimen is com-
prised of dermis, relatively free of epithelial
appendages and contamination by blood.
REFERENCES
1. Fusaro, R. M., Johnson, J. A. and Van Pilsum,
J. F.: The cutaneous glucose tolerance test(A new technique for clinical and basic re-
search). Univ. Minn. Med. Bull., 35: 72,
1963.
2. Fusaro, R. M., Johnson, J. A. and Van Pilsum,
J. F.: The cutaneous glucose tolerance test
I, A rate constant formula for glucose dis-
appearance from the skin. 3. Invest. Derm.,
42: 359, 1964.3. Peterka, E. S. and Fusaro, H. M: Cutaneous
carbohydrate studies I. The glucose content
of the skin of the back of normal persons.
J. Invest. Derm., 44: 385, 1965.
4. Peterka, E. S. and Fusaro, R. M.: Cutaneous
carbohydrate studies II. The constancy of
the glucose content of the skin of the back
of normal persons. J. Invest. Derm., 45: 177,
1965.
5. Fusaro, R. M.: Some aspects of glucose kinetics
and metabolism in the skin. Ph.D. Thesis
Feb. 1965 University of Minnesota.
6. Fusaro, R. M. and Johnson, J. A.: The cutane-
ous glucose tolerance test II. An analysis of
methodology and technic. J. Invest. Derm.,
44: 230, 1965.
7. Johnson, J. A. and Fusaro, R. M.: Elimination
of the possibility of glycogen interference in
the glucose oxidase determination of glucose.
J. Invest. Derm., 40: 163, 1963.
8. Johnson, J. A. and Fusaro, R. M.: Base-cata-
lyzed isomerization of glucose and its effect
on glucose oxidase assay. Anal. Biochem.,
13: 412, 1965.
9. Matsumoto, Y.: On experimental study of the
carbohydrates of the skin, with special refer-
ence to the combined sugar (protein sugar)
and the glycogen II. Mitt. a. d. med. Akad
zu Kioto. 8: 481, 1933.
10. Scheffë, Henry: Analysis of Variance, Wiley,
1959.
Skin glucose mg/lOG gms
wet weight (av. of three
samples from each site)
Back Arm
Subject
1. A.P.
2. J.G.
3. G.H.
4. L.P.
5. L.G.
6. R.O.
7. K.L.
8. R.F.
9. L.N.
10. C.B.
11. E.W.
12. J.I.
13. E.P.
14. D.P.
15. J.R.
Age
(years)
25
30
23
26
25
31
24
28
23
25
24
24
34
24
23
Disappear-
ance rate
IV GTT
%/min
(excess)
5.62
4.18
4.59
4.09
4.44
3.15
3.08
2.97
3.21
4.00
2.74
2.40
3.57
1.84
2.68
41
58
60
42
43
53
47
56
43
46
63
46
42
39
44
Abdo-
men
37
62
57
46
45
57
56
59
53
48
58
47
45
40
50
42
61
59
47
52
57
58
66
49
51
54
48
44
41
50
Thigh
43
57
49
47
50
58
58
57
49
48
49
46
42
42
44
